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IMPROVEMENT OF HOMOGENEITY AND SECRETION OF RECOMBINANT PROTEINS 
IN MAMMALIAN SYSTEMS 

FIELD OF THE INVENTION 

The present invention relates to a method for improving homogeneity 
and/or secretion of a recombinant protein of interest expressed in mammalian cells by 
5 replacing the endogenous signal peptide sequence of the DNA encoding the protein of 
interest with that of human hGH. The invention also relates to DNA expression vectors 
containing the sequence encoding such proteins fused to the signal peptide sequence of 
the hGH and to cells harboring such vectors. 

BACKGROUND OF THE INVENTION 

10 

Protein secretion is one of the most important issues of protein production in the 
field of biotechnology. This process is composed of the following steps: first, 
translocation across the endoplasmic reticulum (ER) membrane; second N-glycosylation 
and folding in the ER lumen; third, exit from the ER; fourth, modifications in the Golgi 

15 apparatus; and finally release from the secretory granules to the extracellular space 

(Sakaguchi 1997). Whether or not a protein is secreted from the cells mainly depends on 
whether it can be translocated across the membrane and whether it can be correctly 
folded in the ER lumen. Membrane translocation is obligatorily coupled in mammalian 
cells. After membrane translocation, the nascent peptides are released into the lumenal 

20 space and folded with the assistance of various chaperones and folding enzymes. 

Wrongly folded proteins are trapped within the ER and thus, cannot proceed towards the 
secretory compartments. In biotechnological processes in which massive protein 
expression occurs, secretion can represent a bottleneck and limit the rate of expression. 

25 Signal peptides or leader sequences, are located at the amino terminus of nascent 

polypeptides. They target proteins to the secretory pathway and are cleaved from the 
nascent chain once translocated in the reticulum endoplasmatic membrane. 
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The signal peptide consists of three regions: an amino-terminal polar region (N 
region), where positive charged aminoacid residues are frequently observed; a central 
hydrophobic region (H region) of more than 7-8 hydrophobic amino acid residues; and a 
5 carboxy-terminal region (C region) that includes the signal peptide cleavage site 
(Sakaguchi 1997). The eukaryotic H regions are dominated by Leu with some occurrence 
of Val, Ala, Phe and He. The cleavage of the signal peptide from the mature protein 
occurs at a specific site and the cleavage specificity resides in the last residue of the signal 
sequence (Nielsen et al. 1997). Close to the cleavage site -3 and -1 alanine is more 
10 predominant. This site confers processing specificity. No further specific patterns in the 
first few positions of the mature protein can be seen in eukaryotic organisms (Nielsen et al 
1997). Therefore a "bad" signal peptide can promote more than one specific cleavage 
resulting in non-homogenous expression of the protein; i.e. the protein will be expressed 
with different N-terminal aminoacids. 

15 

Since many proteins are regulated under physiological conditions the use of 
natural regulatory signals for overexpression in mammalian systems is not desirable. For 
example, in such systems efficient promoters such as CMV and SV40 are used to control 
expression of recombinant proteins of interest. Similarly, the use of effective signal 
20 peptides such as SV40 and hGH poly A to overexpress recombinant secreted proteins 
instead of their endogenous counterparts would be advantageous. 

The signal peptide of the human growth hormone (hGH) has been described to be 
effective in targeting the secretion of intracellular, membrane bound proteins and proteins 
25 secreted by different mechanisms than those governed by signal peptides. 

For example, W026562 describes the secretion of the intracellular protein 
icIL-lra-II by fusion of the signal peptide of hGH to the sequence of the icIL-lra-II. The 
invention relates to a process for the recombinant expression of a protein having the 
30 amino acid sequence of natural icIL-lra-II in a recombinant cell expression system 
through use of a vector which is a fusion of the signal peptide of a human secretory 
protein, preferably the 26 amino acid signal peptide of hGH, fused in proper reading 

2 



WO 02/46430 



PCT/IL01/01125 



frame with the DNA encoding icIL-lra-IL The process comprises producing an 
expression vector containing DNA encoding icIL-lra-II, either in the form of cDNA or 
genomic DNA, fused in proper reading frame with DNA encoding the selected signal 
peptide, preferably the 26 amino acid hGH signal peptide (Figure 1 SEQ ID NO:2). The 
5 expression vector is then inserted into an appropriate expression host, such as CHO cells. 
The transformed host cells are then cultured in a manner, which causes the expression 
vector to express its encoded protein, and the expressed and secreted icIL-lra-II protein is 
then collected and purified from the culture medium. 



10 Morris at ai. (1999) describes the use of hGH signal peptide for the 

secretion of the protein CDL40L, which exists in nature predominantly as a membrane- 
anchored molecule. Several reports have shown that the soluble form of CD40L is 
biologically active (Fanslow et al. 1994, Hollenbaugh et al. 1992 and Mazzei et al. 1995). 
To use CD40L as a potential therapeutic, optimisation of soluble forms of this molecule 

15 have been developed. In this work, the activity of soluble forms of CD40L, and the 
activity of the soluble multimerized CD40L TNF homologous region, have been 
compared. The soluble forms of CD40L have been prepared by fusion of the entire 
extracellular domain of human CD40L or the CD40L region homologous to TNF 
sequence to the signal peptide sequence of hGH. The multimerized form of the CD40L 

20 has been prepared by fusion to an isoleucine zipper (IZ). The results showed that 
multimerization increases the activity of soluble CD40L. 



Pecceu et al (1991) describes the use of the hGH signal peptide to express 
and secrete the mature form of IL-lp. In the body, after synthesis, proIL-lp remains 

25 primarily cytosolic until it is cleaved and transported out of the cells. Examination of the 
sequence reveals the absence of a classical N-terminal or internal hydrophobic signal 
peptide. Release of mature IL-ip appears to be linked to processing at the aspartic acid- 
alanine peptide cleavage by the converting enzyme (ICE) (Dinarello 1996). Although ICE 
is constitutive!/ expressed in most cells, not all cells process proIL-lp and secrete mature 

30 IL-ip. Therefore secretion of mature IL-lp is cell dependent. Pecceu discloses the use a 
recombinant vector containing only the DNA encoding the mature form of IL-ip, without 
any signal peptide and a vector containing the DNA encoding the mature form of IL-lp 
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joined to hGH signal peptide. The results show that only 52% of the protein are secreted 
using the first construct, while using the construct with hGH signal peptide results in 97% 
secretion. 

5 The first ATG codon for initiation of translation has to be identified by the 

transcriptional machinery. An ATG codon in a very weak context is not likely to be the 
stait site for translation. The optimal context for initiation of translation in vertebral 
mRNAs is a G residue following the ATG codon (position +4 in the coding region) and a 
purine, preferable A, three nucleotides upstream (-3 in the noncoding region) this 

10 consensus sequence has been designated Kozak sequence (Kozak 1996, 1999). 
Messenger RNA in which the first ATG codon lacks the preferred nucleotides in both of 
these key flanking positions (a "bad " or non optimal Kozak sequence) have the special 
property of initiating translation at the first and second ATG codons, thereby producing 
two proteins from one RNA. The ATG in the initiation site of hGH signal peptide is 

15 followed by G (in position +3) required for obtaining an optimal Kozak sequence (Figures 
1 and 2 SEQ ID NO:3), which ensures the start of translation at the first ATG site only 
and homogeneity of the product. 

IL-18 binding protein (IL18-BP) was affinity purified from human urine using IL- 
20 18, sequenced and cloned. IL-18BP was found to abolish in vitro the activity of the pro- 
inflammatory cytokine IL-18. (Novick et al. 1999). The DNA encodes a signal peptide at 
its N- terminal portion. Part of the Kozak sequence encoded inside the signal peptide is 
not of the appropriate context. 

IL-18BP leader ATG A 

25 

Kozak Concensus 

Human growth 
hormone leader 



ATG G 

+1 +4 

ATG G 

+1 44 
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Therefore exists a need to provide a method or system allowing secretion of a 
protein of interest in general and allowing secretion of IL-18BP in particular as 
homogenous proteins and/or in large amounts in mammalian cells. 



5 SUMMARY OF THE INVENTION 

The invention provides an improved method for production of 
homogeneous recombinant protein of interest expressed in different mammalian systems 
and or effective secretion thereof comprising replacing the endogenous signal peptide 
1 0 sequence of the DN A encoding the protein of interest with that of hGH. 

The invention also provides an expression vector for improving 
homogeneity and/or secretion of a recombinant protein of interest expressed in a 
mammalian system comprising the signal peptide sequence of the hGH joined to the DNA 
1 5 encoding the protein of interest. 

In one aspect, the present invention provides said vector, which encodes 
the optimal Kozak sequence ensuring translation from one initiation codon only. Part of 
such a sequence is included in the coding for the hGH signal peptide, ensuring accurate 
20 cleavage of the signal peptide from the mature protein. 

In one embodiment of the present invention the vector includes the gene 
encoding IL-18BP. Such a vector allows the production of homogeneous IL-18BP 
(starting with Thr-Pro-Val). 

The invention also provides a protein of interest produced with the said 
25 vector and by the said method, such as IL- 1 8BP. 

In onother aspect, the invention provides cells capable of growing in serum free medium 
and able to produce at least 4 picogram IL-18B/cell/24 hours, preferably at least 11.8 
picogram/cell/24 hours and most preferably about 12 picograms/cell/24 hours. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the genomic sequence encoding the hGH signal peptide and translated 
amino acid sequence. 

5 Figure 2 shows the Kozak sequence present in the consensus and in the hGH signal 
peptide. 

Figure 3 describes the primers used for the fusion of hGH signal peptide (without its 
intron) sequence with the IL-18BP sequence. 

10 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to the production and secretion of 
recombinant proteins using the signal peptide sequence of the hGH instead of their natural 

15 signal peptide sequence. The invention also provides an expression vector containing the 
DNA encoding the protein of interest, either in the form of cDNA or genomic DNA, fused 
in proper reading frame with the DNA encoding the hGH signal peptide. The expression 
vector is then inserted into an appropriate expression host, i.e. mammalian cells. The 
transformed host cells are then cultured in a maimer, which causes the expression vector 

20 to express its encoded protein, and the expressed and secreted protein is then isolated and 
purified. The expression of the protein of interest may be stable or transient. 

While CHO ceils are the preferred host cells, other mammalian cells may 
be used, such as COS cells, HEK293 cells etc. Those of ordinary skill in the art are well 
25 aware of the techniques of creating expression vectors, inserting them into expression 
systems and selecting clones, which express the desired protein, including amplification 
techniques. 
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As will be appreciated by those skilled in the art, the types of promoters 
used to control transcription of the recombinant proteins may be any of those, which are 
functional in the host cells. Examples of promoters functional in mammalian ceils include 
the SV40 early promoter, adenovirus major late promoter, herpes simplex (HSV) 
5 thymidine kinase promoter, rous sarcoma (RSV) LTR promoter, human cytomegalovirus 
(CMV) immediate early promoter, mouse mammary tumor virus (MMTV) LTR promoter, 
interferon-P promoter, heat shock protein 70 (hsp 70) promoter, as well as many others 
well known in the art. These promoters may be either constitutive or regulatable. 
Constitutive promoters are preferred because an extra treatment step, such as temperature 
10 shift, addition of chemical agents or inducers, etc., is not required for expression from 
constitutive promoters. It has been shown in one embodiment that higher productivity can 
be obtained by controlling IL-18BP expression with the CMV promoter as compared to 
the SV40 promoter. 

15 In mammalian cells, three elements define the core polyadenylation signal i.e. the highly 
conserved hexanucleotide AAUAAA found 10 to 30 nucleotides upstream of the cleavage 
site, a less highly conserved U-rich or GU-rich element located downstream of the 
cleavage site, and the cleavage site itself, which becomes the point of poly(A) addition 
and is thus generally referred to as the poly(A) site (Zhao et al. 1999). Additional 

20 sequences outside of this core recruit regulatory factors or maintain the core signal in an 
open and accessible structure. Different expression vectors for heterologous expression 
have been designed to contain efficient polyadenylation signals such as SV40 and hGH 
polyadenylation signals. In a preferred embodiment IL-18BP is produced using the 
human growth hormone polyadenylation signal. 

25 In particular, the present invention relates to an expression vector which 

contains the IL-18BP DNA fused to the DNA encoding the signal peptide of hGH, and to 
host cells transfected with such an expression vector. 

The DNA sequence of the hGH signal peptide used, may be either the 
genomic sequence including the intron (Figure 1 SEQ ID NO:l) or the cDNA sequence 
30 of the signal peptide excluding the intron. 
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In accordance with the present invention it is possible to express, IL-18BP 
and other secreted proteins homogeneously and effectively in a mammalian expression 
system using the signal peptide of hGH. 

5 In addition, the invention relates to mammalian cells which express and efficiently 
secrete homogenous recombinant proteins using the hGH signal peptide. 

In another aspect, the invention relates to cells which efficiently secrete homologous 
recombinant proteins, according to the invention, that are capable of being grown and 
produced in serum free medium (SFM). More specifically, in a preferred embodiment 
10 cells, according to the invention, were shown to produce between 4 and 11.8, and also 
about 1 2 picogram IL- 1 8BP/cell/24 hours in both serum and serum free conditions. 

The invention also relates to proteins of interest prepared according to the 
method herein described. In another aspect, the invention relates to pharmaceutical 
15 compositions comprising proteins of interest, such as IL-18BP produced in such an 
expression system, optionally together with a pharmaceutical^ acceptable excipient 



The invention will be now illustrated by the following non-limiting examples. 

20 

EXAMPLES 

Example 1 establishment of the IL-18BP producing clone S10-21. 

The DNA of the natural signal peptide of the IL-18BP protein encodes for a non- 
25 optimal Kozak sequence because the + 4 is A and not G therefore it was replaced by hGH 
signal peptide which exhibits an optimal Kozak sequence (Figure 2 SEQ ID NO:3). The 
DNA fragment encoding the hGH signal peptide fused to the IL-18BP protein was 
introduced in a mammalian expression vector under the control of the SV-40 promoter 
and polyadenylation signal. 
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For the preparation of the expression vector, hGH signal peptide (without its intron, see 
figure 1) was fused directly to the cDNA coding for the mature I1IL-I8BP protein (variant A, 
accession number AF1 10799 in the NCBI public databases) by PCR (Figure 3 describes the 
5 primers used). 

The hGH signal peptide (without its intron) was amplified by PCR using pXGHS ( Selden et 
al. 1986) as a template and two primers, a) a primer containing sequences from the beginning 
of the hGHsp (5'hGH-IL-l 8BP fusion out primer SEQ ID NO:4) and b) a primer encoding 
1 0 sequences from the end of the hGHsp and sequences coding the first 1 9 nucleotides of the 
mature IL-18BPcDNA (3' hGH-IL-18BP fusion-in primer SEQ ID NO:5). 

The cDNA coding for the mature IL-1 8BP was amplified by PCR using a plasmid 
encoding the IL-1 8BP cDNA, as a template and two primers, a) a primer coding 
overlapping sequences to the hGH signal peptide end and the beginning of the mature 
15 IL-18BP cDNA (the 5'hGH-IL-18BP fusion-in primer SEQ ID NO:6) and b) a primer 
containing the end of the IL-18BP cDNA sequence (the 3'hGH-IL-18BP fusion-out 
primer SEQ ID NO:7). 

The fragments resulting from the above PCR amplification were fused in a third PCR, 
by annealing of the overlapping sequences present in both fragments and using two 
20 primers a) the primer 5'hGH-IL-18BP fusion out, and b) the primer 3'hGH-IL-18BP 
fusion-out primers. 

The resulting PCR DNA fragment was cloned into the mammalian expression vector 
pSVE3 (Hartman et al. 1982) encoding the commonly used regulatory signals, the 
SV40 promoter and SV40 polyA signal (the 5' and 3' fusion out primers contained 
25 also specific restriction sites sequences needed for cloning). 

The constructed plasmid (PSIL18BP) was used for transfecting CHO (DHFR-) 
cells together with a plasmid containing the mouse DHFR gene as a selective marker. 

30 
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Individual isolates were isolated in selective medium and assayed for IL-18BP 
production by an ELISA assay. 

Several rounds of gene amplification with increasing MTX concentrations were 
5 carried out. After amplification, clones were isolated by limiting dilution. After 
subcloning the selected clone SI 0-21 showed a specific and stable productivity of 1 
picogram/cell/24 hours. 



Example 2 Establishment of the IL-18BP producing clone 22C2-1 1. 

10 The DNA of the natural signal peptide of the IL-18BP protein encodes for a non- 

optimal Kozak sequence because the + 4 is A and not G therefore it was replaced by hGH 
signal peptide which exhibits an optimal Kozak sequence (Figure 2 SEQ ID NO:3). ). 
The DNA fragment encoding the hGH signal peptide fused to the IL-18BP protein was 
introduced in a mammalian expression vector under the control of the CMV promoter and 

1 5 the human growth hormone polyadenylation signal. 

For the preparation of the expression vector, the DNA encoding the hGH signal 
peptide (without its intron see figure 1) was fused directly to the cDNA coding for the 
mature hIL-1 8BP protein (variant A accession number AF1 10799) by PCR using the 

20 expression vector generated in example 1 (PSIL1 8BP) as a template and two primers, a) 
the forward primer ACGCGTTCGACGCCACCATGGCTCCCGGACG (SEQ ID NO:8) 
comprising a Sail restriction site, and the first 21 bases encoding the cDNA hGH signal 
peptide and b) the reverse primer CGGGATCCTCATTAACCCTGCTGCTGTGG (SEQ 
ID NO:9) comprising the last 18 bases of IL-18BP, two stop codons and a Bam HI 

25 restriction site. 

The resulting PCR DNA fragment was inserted into a mammalian expression vector, 
using known molecular genetic manipulations, wherein the mammalian vector comprise 
the commonly used regulatory signals to be used to express IL-18BP: the CMV promoter 
and hGH polyA signal (Ausubel et al t Current Protocols in Molecular Biology, Greene 
30 Publications and Wiley Interscience, New York, NY, 1987-1995; Sambrook et aL, 
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Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring 
Harbor, NY, 1989). 

5 The constructed plasmid (pCMV-IL18bp2) was used for transfecting CHO 

(DHFR-) cells together with a plasmid containing the mouse DHFR gene as a selective 
marker. 

Individual isolates were isolated in selective medium and assayed for IL-18BP 
1 0 production by an ELIS A assay. 

Several rounds of gene amplification with increasing MTX concentrations were 
carried out (up to 1000 nM) on selected high producer isolates. Following amplification 
the MTX was removed and high producer clones were isolated by limiting dilution and 

15 screening the activity. After cloning the selected clone 22C2-11 showed high specific 
productivity of 4 picogram/ceII/24 hours and stability in serum at 37°C. The 22C2-11 
clone was found to grow and produce IL-18BP also under serum free conditions. The 
productivity of the clone 22C2-1 1 was tested at lower temperatures. At 32-33°C, both in 
serum and serum free conditions, the productivity was found to increase to 11.8 

20 picogram IL-1 8BP/cell/24 hours. 

These results indicate that using a construct controlling expression from the CMV 
promoter and hGH ploy A signal allowed increased IL-18BP expression as compared to 
the expression levels controlled from the S V40 promoter and S V40 poly A signal 
(example 1). 

25 Example 3 Purification and N-terminal analysis of the IL-18BP produced. 

The IL-18BP in the supernatant of all the producing cells (S10-21 and 22C2-1 1 
examples 1 and 2 respectively) was purified by immunoaffinity chromatography. N- 
terminal analysis of the IL18-BP expressed with the signal peptide of hGH, revealed only 
the correct species of IL-1 8B with the following N-terminal amino acid sequence T P V S 
30 QTTTAATASVR (SEQ ID NO:10). These results show that IL-18BP is 
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homogeneously produced, from different expression vectors, by using the hGH signal 
peptide in which, in contrast to the IL-18BP natural signal peptide, the Kozak signal is of 
optimal context. 
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5 CLAIMS 

1 . A method for improving homogeneity and/or secretion of a recombinant protein of 
interest expressed in a mammalian system comprising replacing the endogenous 
signal peptide sequence of the DNA encoding the protein of interest with that of 

10 hGH. 

2. A method according to claim 1 , wherein the protein of interst IL- 1 8BP. 

3. A method according to claim 2, wherein the mammalian system comprises CHO 
cells. 

4. A method according to claim 3, wherein the CHO cells are cultured in medium 
1 5 supplemented with serum. 

5. A method according to claim 3, wherein the CHO cells are cultured under serum free 
conditions. 

6. An expression vector for improving homogeneity and/or secretion of a recombinant 
protein of interest expressed in a mammalian system comprising the signal peptide 

20 sequence of hGH and the DNA encoding the protein of interest. 

7. An expression vector according to claim 6, which directs expression of a 
homogenous protein. 

8. An expression vector according to claim 6, which directs efficient expression of the 
protein of interest. 

25 9. An expression vector according to claim 6, which directs efficient translation of the 
protein of interest. 

10. An expression vector according to claim 6, in which the signal peptide encodes an 
optimal Kozak sequence. 
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11. An expression vector according to claim 6, which directs efficient secretion of the 
protein of interest. 

12. An expression vector according to claim 6, which allows constitutive expression of 
the protein of interest. 

5 13. An expression vector according to claim 6, wherein the expression of the gene 
encoding the protein of interest is regulated by the CMV promoter. 

14. An expression vector according to claim 6, wherein the expression of the gene 
encoding the protein of interest is regulated by the polyadenylation signal of the 
human growth hormone. 

10 15. An expression vector in accordance with anyone of claims 6 to 14, wherein the 
protein of interest is IL-1 8BP. 

16. A cell harbouring a vector according to anyone of claims 6 to 1 5. 

1 7. A cell according to claim 16, producing about 12 picogram IL-1 8BP/cell/24 hours. 

18. A cell according to claim 16, producing 11.8 picogram IL-1 8BP/cell/24 hours. 

15 19. A cell according to claim 1 6, producing at least 4 picogram IL- 1 8BP/cell/24 hours, 

20. A cell according to claim 16, producing at least 11.8 picogram IL-18BP/cell/24 
hours. 

21 . A cell according to claim 16, capable of growing in serum free medium. 

22. A cell according to claim 21, producing at least 4 picogram IL-1 8 BP/cell/24 hours. 
20 23 . A cell according to claim 2 1 , producing about 1 2 picogram IL- 1 8 BP/cell/24 hours. 

24. A cell according to claim 2 1 , producing 11.8 picogram IL-1 8BP/cell/24 hours. 

25. A cell according to claim 21, producing at least 11.8 picogram IL-18BP/cell/24 
hours. 

26. A protein obtainable by the method of claim 1 . 
25 27. A protein according to claim 26, being IL- 1 8BP. 

28. A pharmaceutical composition comprising a protein according to claims 26 or 27. 
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Figure 1 

Exon 1 

ATG GCT ACA G 
Met Ala Thr G 

Intron 1 

GTAAGCGCCC CTAAAATCCC TTTGGGCACA ATGTGTCCTG AGGGGAGAGC- CAGCGACCTG 
TAGATGGGAC GGGGGCACTA ACCCTCAGG7 TTGGGGCTTC TGAATGTGAG TATCGCCATG 
TAAGCCCAGT ATTTGGCCAA TCTCAGAAAG CTCCTGGTCC CTGGAGGGAT GGAGAGAGAA 
AAACAAACAG CTCCTGGAGC AGGGAGAGTG CTGGCCTCTT GCTCTCCGGC TCCCTCTGTT 
GCCCTCTGGT TTCTCCCCAG 

Exon 2 

GC TCC CGG ACG TCC CTG CTC CTG GCT TTT GGC CTG CTC TGC 
ly Ser Arg Thr Ser Leu Leu Leu Ala Phe Giy Leu Leu Cys 

signal peptide cleavage siteV 
CTG CCC TGG CTT CAA GAG GGC AGT GCC TTC CCA ACC ATT CCC TTA TCC AGG 
Leu Pro Trp Leu Gin Glu Gly Ser Ala > Phe Pro Thr He Pro Leu Ser Arg 
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Figure 2 



Kozak Concensus ATG G 

+1 +4 

Human growth ATG G 

hormone leader +1 +4 
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hGH-sp 

5 a h(ill-ll.-IXBI* fusion out primer: TAT aagctt ACC ATG GCT ACA GGC TCC CGG ACG T 



IL-183P hGH-sp 
3* hCill-IL-IKBP tusion-in primer: T GGT CTG CGA GAC AGG TGT GGC ACT GCC CTC TTG 



hGH-sp IL-18BP 
5*hCiJML-l8npfusion-in primer: CAA GAG GGC AGT GCC ACA CCT GTC TCG CAG ACC A 



Stop Stop IL-18BP 
3*hGl I-I1.-I8BP fusion-out primer: CG GGATCC CTA TTA ACC CTG CTG CTG TGG AC 
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SEQUENCE LISTING 

<110> APPLIED RESEARCH SYSTEMS ARS HOLDING N.V 

<120> IMPROVEMENT OF HOMOGENEITY AND SECRETION OF RECOMBINANT PROTEINS IN 
MAMMALIAN SYSTEMS 

<130> IL/470 

<150> IL/140110 

<151> 2000-12-05 

<160> 10 

<170> Patentln version 3.1 

<210> 1 

<211> 338 

<212> DNA 

<213> Homo sapiens 



<400> 1 
atggctacag 


gtaagcgccc 


ctaaaatccc 


tttgggcaca 


atgtgtcctg aggggagagg 


60 


cagcgacctg 


tagatgggac 


gggggcacta 


accctcaggt 


ttggggcttc tgaatgtgag 


120 


tatcgccatg 


taagcccagt 


atttggccaa 


tctcagaaag 


ctcctggtcc ctggagggat 


180 


ggagagagaa 


aaacaaacag 


ctcctggagc 


agggagagtg 


ctggcctctt gctctccggc 


240 


tccctctgtt 


gccctctggt 


ttctccccag 


gctcccggac 


gtccctgctc ctggcttttg 


300 


gcctgctctg 


cctgccctgg 


cttcaagagg 


gcagtgcc 




338 



<210> 2 

<211> 26 

<212> PRT 

<213> Homo sapiens 

<400> 2 

Met Ala Thr Gly Ser Arg Thr Ser Leu Leu _Leu Ala Phe Gly Leu Leu 
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Cys Leu Pro Trp Leu Gin Glu Gly Ser Ala 
20 25 

<210> 3 

<211> 4 

<212> DNA 

<213> Homo sapiens 

<400> 3 
atgg 

<210> 4 

<211> 34 

<212> DNA 

<213> Homo sapiens 

<400> 4 

tataagctta ccatggctac aggctcccgg acgt 

<210> S 

<211> 34 

<212> DNA 

<213> Homo sapiens 

<400> 5 

tggtctgcga gacaggtgtg gcactgccct cttg 

<210> 6 

<211> 34 

<212> DNA 

<213> Homo sapiens 

<400> 6 

caagagggca gtgccacacc tgtctcgcag acca 

<210> 7 
<211> 31 
<212> DNA 
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34 



34 
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<213> Homo sapiens 

<400> 7 

cgggatccct attaaccctg ctgctgtgga c 

<210> 8 

<211> 31 

<212> DNA 

<213> Homo sapiens 

<400> 8 

acgcgttcga cgccaccatg gctcccggac g 

<210> 9 

<211> 29 

<212> DNA 

<213> Homo sapiens 

<400> 9 

cgggatcctc attaaccctg ctgctgtgg 

<210> 10 

<211> 15 

<212> PRT 

<213> Homo sapiens 

<400> 10 

Thr Pro val Ser Gin Thr Thr Thr Ala 
1 5 
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31 



31 



.29 



Ala Thr Ala Ser val Arg 
10 15 



3/3 



INTERNATIONAL SEARCH REPORT 


In >nal Application No 

PCT/IL 01/01125 


A. CLASSIFICATION OF SUBJECT MATTER . m m ^.„^„ 

IPC 7 C12N15/62 C07K14/54 A61K38/20 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12N 



Documentation searched other than minimum documentation to the extent thai such documents are Included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , BIOSIS, MEDLINE, EMBASE, BIOTECHNOLOGY ABS, CHEM ABS Data, 
LIFESCIENCES, SCISEARCH, WPI Data, PAJ 



Categoiy • 


CHatlon of documanl, with indication, where appropriate, ot the relevant passages 


Relevant to daim No. 


X 


WO 98 11206 A (BOROWSKI MARIANNE; 

GILLESPIE FRANCES P (US); KINOSHITA CAROL 

M (US) 19 March 1998 (1998-03-19) 

page 2, line 1 - line 3 

page 8, line 13 -page 9, line 12; figure 4 

page 49, line 13 - line 32; examples 1,2 

page 8, line 13 -page 9, line 12 


1-28 


X 


EP 0 307 285 A (SAN0FI SA) 
15 March 1989 (1989-03-15) 
page 3, line 18 - line 25; examples 


1-28 


X 


W0 00 22146 A (AMITAI HAGIT; CHITLARU 
EDITH (ID; INTERPHARM LAB LTD (ID; 
APPLIE) 20 April 2000 (2000-04-20) 
cited 1n the application 
page 6, line 4 -page 7, line 14; examples 
1,3,6; table 1 

-/-- 


6-13,16, 
26,28 



13 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



• Special categories of cited documents : 

•A* document defining the general state of the art which Is not 

considered to be of particular relevance 
•E* earlier document but published on or after the International 

filing date 

V document which may throw doubts on priority claim(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use. exhibition or 
other means 

•P* document published prior to the international filing date but 
later than the pilortty date claimed 



•T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered lo 
involve an Inventive step when the document Is taken atone 

a Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
In the art. 

'&' document member of the same patent family 



Date ol the actual completion of the International search 

7 August 2002 


Date of mailing of the international search report 

16/09/2002 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Palenilaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31 -70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Bladler, C 



Form PCT/1SA/210 (second sheet) (July 1992) 



page 1 of 3 



INTERNATIONAL SEARCH REPORT 



In onal Application No 

PCT/IL 01/01125 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



SIN J.I. ET AL. : "Protective immunity 
against heterologous challenge with 
encephalomyocarditis virus by VP1 DNA 
vaccination: effect of coinjection with a 
granulocyte-macrophage colony stimulating 
factor gene" 
VACCINE, 

vol. 15, no. 17/18, 1997, pages 1827-1833, 
XP002208930 

page 1829, right-hand column, line 21 
-page 1830, left-hand column, line 5 

PECCEU F. ET AL: "Human Interleukin 
1-beta fused to the human growth hormone 
signal peptide 1s N-glycosylated and 
secreted by Chinese hamster ovary cells" 
GENE, ELSEVIER BIOMEDICAL PRESS. 
AMSTERDAM, NL, 

vol. 97, 1991, pages 253-258, XP002131134 

ISSN: 0378-1119 

cited 1n the application 

page 254, right-hand column, line 10 - 

line 25 

page 255, right-hand column, paragraph 1; 

figure 2 

conclusion 

MORRIS A.E. ET AL.: "Incorporation of an 
Isoleudne zlper motif enhances the 
biological activity of soluble CD40L 
(CD154)" 

THE JOURNAL OF BIOCHEMICAL CHEMISTRY, 
vol. 274, no. 1, 1999, pages 418-423, 
XP002208927 

cited 1n the application 

page 419, left-hand column, line 10 - line 

39 

FONTES C.M.G.A. ET AL. : "Bacterlel 

xylanase expression 1n mammalian cells and 

transgenic mice" 

JOURNAL OF BIOTECHNOLOGY, 

vol. 72, 1999, pages 95-101, XP002208931 

page 96, right-hand column, paragraph 3; 

figure IB 

page 98, paragraphs 1,2 

_/- 



6-13,16, 
26,28 



6-12,16, 
26,28 



6-12,16, 
26,28 



6-12,16, 
26,28 



Form PCT/1SA/210 (continual ton of second sheet) (July 1902) 



page 2 of 3 



INTERNATIONAL SEARCH REPORT 



In onsl Application No 

PCT/IL 01/01125 



C.(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indlcatlon.where appropriate, of the relevant passages 



Relevant to claim No. 



NOVICK D ET AL: "INTERLEUKIN-18 BINDING 

PROTEIN: A NOVEL MODULATOR OF THE TH1 

CYTOKINE RESPONSE" 

IMMUNITY, CELL PRESS, US, 

vol. 10, no. 1, January 1999 (1999-01), 

pages 127-136, XP000973488 

ISSN: 1074-7613 

cited 1n the application 

abstract 

KIM S.H. ET AL.: "Structural requirements 
of six naturally ocurrlng Isoforms of the 
IL-18 binding protein to Inhibit IL-18" 
PNAS, 

vol. 97, no. 3, February 2000 (2000-02), 
pages 1190-1195, XP002208929 
page 1190, right-hand column, line 31 - 
line 34 



26-28 



26-28 



Form PCT/1SA/210 (continuation of second shod) (July 1982) 



page 3 of 3 



INTERNATIONAL SEARCH REPORT 

iformatlon on patent family members 



li tonal Application No 

PCT/Il 01/01125 



Patent document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


WO 9811206 


A 


19-03-1998 


AU 


4424497 


A 


02-04-1998 








CN 


1230220 


A 


29-09-1999 








EP 


0935651 


A2 


18-08-1999 








HU 


9904666 


A 


28-05-2000 








JP 


2001504324 


T 


03-04-2001 








NO 


991225 


A 


10-05-1999 








NZ 


334721 


A 


26-01-2001 








PL 


332188 


Al 


30-08-1999 








RU 


2179034 


C2 


10-02-2002 








WO 


9811206 


A2 


19-03-1998 



EP 0307285 A 15-03-1989 



FR 


2619719 


Al 


03-03-1989 


AU 


606453 


B2 


07-02-1991 


AU 


2179688 


A 


02-03-1989 


DK 


467188 


A 


02-03-1989 


EP 


0307285 


Al 


15-03-1989 


FI 


884036 


A 


02-03-1989 


JP 


1165373 


A 


29-06-1989 


NO 


883883 


A 


02-03-1989 


NZ 


225983 


A 


26-09-1990 


PT 


88372 


A ,B 


31-07-1989 


ZA 


8806517 


A 


30-05-1989 



WO 0022146 A 20-04-2000 AU 6226899 A 01-05-2000 

• EP 1121448 Al 08-08-2001 
WO 0022146 Al 20-04-2000 



Form PCT/1SA/210 (patent family amex) (Jufy 1992) 



